
H I G H  RESOLUTION MASS SPECTROMETRIC ANALYSIS OF COAL LIQUIDS 

S e l e c t i o n  o f  the best a n a l y t i c a l  s t r a t e g y  f o r  the  a n a l y s i s  o f  coal  l i q u i d s  depends on 
t h e  na ture  o f  the in fo rmat ion  needed, the a v a i l a b i l i t y  o f  a n a l y t i c a l  t o o l s ,  fund ing  
f o r  a p a r t i c u l a r  p r o j e c t ,  and time. In fo rmat ion  conten t  and t ime/cost r e s t r a i n t s  are 
most of ten balanced w i t h  a compromise. A t y p i c a l  a n a l y t i c a l  scheme t h a t  i s  o f t e n  
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I used i n  our l a b o r a t o r i e s  i s  shown on F igure  1. This scheme provides t h e  user w i t h  a 
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INTRODUCTION 

Development o f  new i n d u s t r i a l  techno log ies  requ i res  meaningful cooperat ion among many 
s c i e n t i f i c  d i s c i p l i n e s ,  i n c l u d i n g  several  branches o f  chemistry,  physics,  
engineer ing,  economics, and others.  Th is  i s  p a r t i c u l a r l y  t r u e  f o r  coal  l i q u e f a c t i o n  
technology, t h a t  invo lves  complex operat ions,  deals w i t h  r a t h e r  r e f r a c t o r y  mater ia ls ,  
and represents a p o t e n t i a l l y  l a r g e  impact on o v e r a l l  consumption pa t te rns .  

A n a l y t i c a l  chemistry i s  a key p l a y e r  i n  t h i s  team e f f o r t .  It seeks and obtains,  t o  
an ex ten t  commensurate w i t h  e f f o r t  and circumstances, i n f o r m a t i o n  on t h e  composi t ion 
of feed, product and in te rmed ia te  streams. This i n f o r m a t i o n  i s  u t i l i z e d  f o r  
fundamental understanding o f  the  reac t ions  invo lved i n  coal l i q u e f a c t i o n  and the  
upgrading o f  coal  l i q u i d s ,  f o r  mon i to r ing  day-to-day p i l o t  p l a n t  opera t ions ,  f o r  
e v a l u a t i n g  end-products q u a l i t y  and f o r  assessing process and product impact on the  
envi  ronment. 

Th is  paper reviews some o f  the  a n a l y t i c a l  approaches ~e use i n  our l a b o r a t o r i e s  f o r  
the  in-depth c h a r a c t e r i z a t i o n  o f  coal  l i q u i d s .  Emphasis w i l l  be placed on methods 
de termin ing  organic composition. Issues discussed w i l l  i nc lude the o v e r a l l  na ture  o f  
coa l  l i q u i d s ,  a n a l y t i c a l  s t r a t e g y  and methodology, the  scope o f  the  analyses, t h e  
r o l e  o f  separation, mass spectrometr ic and o t h e r  techniques, and on t h e  c a l c u l a t i o n  
and/or p r e d i c t i o n  o f  use fu l  phys ica l  parameters from composi t ional  data. 



very la rge  body o f  in fo rmat ion  t h a t  i s  g e n e r a l l y  s u f f i c i e n t  f o r  most s tud ies  
i n v o l v i n g  r e a c t i o n  k i n e t i c s ,  process behavior, end-product q u a l i t y .  The main r o l e s  
of  the var ious  steps are summarized i n  the  f o l l o w i n g  paragraphs. 

Separat ion i n t o  sa tura tes ,  aromat ics and p o l a r s  y i e l d s  valuable i n f o r m a t i o n  on the  
o v e r a l l  amounts o f  these classes o f  compounds. It a l s o  f a c i l i t a t e s  the  subsequent 
analysis.  For example, sa tura tes  are d i f f i c u l t  t o  c h a r a c t e r i z e  i n  d e t a i l  i n  the  
presence o f  aromatics; and separat ion o f  aromat ics and p o l a r s  reduces the mass 
spec t romet r ic  r e s o l v i n g  power requirements f o r  t h e  a n a l y s i s  o f  most n i t r o g e n  and 
oxygen compounds. Separat ion a l s o  e l i m i n a t e s  s t r u c t u r a l  u n c e r t a i n t i e s  between 
f u r a n i c  and phenol ic oxygen types t h a t  even h igh  r e s o l u t i o n  MS can not cope w i t h  i n  
complex mixtures.  Furans are concentrated i n  t h e  aromat ic f r a c t i o n ,  pheno l ics  i n  the  
p o l a r  f r a c t i o n ;  separa t ion  thus al lows a r e l i a b l e  s t r u c t u r a l  assignment. 

Low reso lu t ion ,  h igh  vo l tage compound type a n a l y s i s  o f  t h e  sa tura tes  determines t o t a l  
p a r a f f i n s  and one t o  s i x  r i n g  naphthenes. GC d i s t i l l a t i o n  and subsequent ana lys is  o f  
trapped c u t s  y i e l d s  t h i s  type o f  i n f o r m a t i o n  a s  a f u n c t i o n  o f  b o i l i n g  range. 

The main f e a t u r e  o f  t h e  o v e r a l l  a n a l y s i s  i s  the  h igh  r e s o l u t i o n ,  low vo l tage 
c h a r a c t e r i z a t i o n  o f  the  aromatic, p o l a r  aromat ic,  and asphaltene f r a c t i o n s .  As w i l l  
be shown i n  the remainder o f  t h i s  p resenta t ion ,  t h i s  approach y i e l d s  d e t a i l e d  
in fo rmat ion  o f  several  thousands o f  i n d i v i d u a l  components and provides the  user w i t h  
a number o f  phys ica l  parameters t h a t  are r e l a t e d  t o  composition. 

Time and funding c o n s t r a i n t s  might r e s t r i c t  the  scope o f  the  a n a l y t i c a l  scheme. I f  
t h e  separat ion s tep  i s  not c a r r i e d  out,  t o t a l  sa tura tes ,  aromatics and p o l a r s  can be 
determined w i t h  reasonable accuracy from h i g h  vol tage, low r e s o l u t i o n  MS data (Table 
1 1 ) ,  whi le  t h e  aromatic and p o l a r  components can be measured accura te ly  from the h igh  
reso lu t ion ,  low vo l tage a n a l y s i s  o f  t h e  t o t a l  stream. The decrease i n  in fo rmat ion  
content w i l l  a f f e c t  o n l y  t h e  s a t u r a t e  type  d i s t r i b u t i o n ,  the  r e l a t i o n s h i p  between 
sa tura te  composition and b o i l i n g  range, and the  s p e c i f i c  i d e n t i f i c a t i o n  o f  some o f  
the  oxygenated types. This reduced approach i s  the  o n l y  one f e a s i b l e  f o r  m a t e r i a l s  
i n  the gaso l ine  range; separa t ion  o f  these streams would i n v o l v e  unacceptable losses 
o f  v o l a t i l e s .  

A f u r t h e r  s i m p l i f i c a t i o n  c o n s i s t s  o f  the s u b s t i t u t i o n  o f  a low r e s o l u t i o n ,  low 
vo l tage a n a l y s i s  t o  t h e  h i g h  r e s o l u t i o n  procedure. This approach i s  genera l l y  
app l i cab le  t o  o n l y  r a t h e r  severely hydrogenated coal  l i q u i d s ,  as i t  determines only a 
few heteroatomic components, such as phenols. Separat ion o f  more and less  condensed 
aromatics, t h a t  u s u a l l y  r e q u i r e s  a r e s o l v i n g  power o f  a t  leas t  1000 per 100 MW un i ts ,  
i S  accomplished through computerized deconvo lu t ion  o f  the  i n t e r f e r i n g  homologous 
ser ies ,  for example a l k y l t e t r a l i n s  and alkylpyrenes. The deconvolut ion c a l c u l a t i o n s  
are  based on a l a r g e  number o f  h i g h  r e s o l u t i o n  analyses. The low r e s o l u t i o n  
approach, us ing  h igh  v o l t a g e  f o r  de termin ing  sa tu ra tes /a romat i cs /po la rs  and low 
vol tage for the  de terminat ion  o f  aromat ic types and carbon number homologs, y i e l d s  
f a s t  and h i g h l y  r e p r o d u c i b l e  analyses. The method was used e x t e n s i v e l y  i n  mon i to r ing  
t h e  l a r g e  coa l  l i q u e f a c t i o n  p i l o t  p l a n t  a t  Baytown, Texas, w i t h  an average of two 
analyses every f o u r  t o  s i x  hours each day, and w i t h  a response t ime o f  about one hour 

Special nature o f  some samples and research p r o j e c t s  r e q u i r e s  o c c a s i o n a l l y  a more 
ex tens ive  a n a l y t i c a l  t rea tment  than t h a t  o u t l i n e d  i n  F igure  1. These inc lude 
separat ion of t h e  aromat ics i n t o  one, two, th ree ,  and four r i n g  concentrates;  
separat ion of the  p o l a r s  i n t o  weak and s t r o n g  acids,  weak an s t rong bases, and 
n e u t r a l  po la rs ;  and a n a l y s i s  o f  a l l  the  f r a c t i o n s  by GC/MS, p3C NMR, and proton 
NMR. The more s p e c i f i c  separat ions f a c i l i t a t e  i n t e r p r e t a t i o n  and y i e l d  in fo rmat ion  
on components i n  the p a r t s  per b i l l i o n  range (Table 111); GC/kS y i e l d s  important 
informat ion on i n d i v i d u a l  isomers; NMR cor robora tes  and extends t h e  s t r u c t u r e  
assignments made by MS. 

(1980-1982). 
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High Resolut ion, Low Voltage MS Analys is  

This  method i s  the cornerstone o f  our  procedures. It has the unique a b i l i t y  t o  g i ve  
both d e t a i l e d  q u a n t i t a t i v e  data on a very l a r g e  number o f  components and t o  summarize 
and s o r t  these i n t o  process and/or product q u a l i t y  r e l a t e d  parameters. 

The under l y ing  p r i n c i p l e  o f  t he  method i s  t he  simultaneous use o f  h igh  r e s o l u t i o n  and 
low voltage. High r e s o l u t i o n  separates the  very l a r g e  number o f  hydrocarbons and 
heterocompounds t h a t  have t h e  same nominal molecular  weight bu t  possess d i f f e r e n t  
formulas and thus s l i g h t l y  d i f f e r e n t  p rec i se  masses. Such m u l t i p l e t s  c o n s i s t  o f  s i x  
t o  e i g h t  peaks on the  average a t  every mass from about mass 150 t o  mass 500 o r  600 i n  
coal  l i qu ids .  Examples are g iven i n  Table I V .  Low vol tage g r e a t l y  s i m p l i f i e s  the  
spect ra o f  complex mixtures by i o n i z i n g  on ly  aromatic and po la r  aromat ic  molecular  
ions. Low vol tage i s  an open-ended approach t h a t  a l lows one t o  analyze as many 
components as are present i n  a sample; and c a l i b r a t i o n  se ts  can be se t  up based on 
t h e o r e t i c a l  cons iderat ions and ex t rapo la t i ons .  This  i s  p a r t i c u l a r l y  impor tan t  i n  
complex na tu ra l  products, t h a t  con ta in  thousands o f  components t h a t  are n o t  a v a i l a b l e  
i n  pure form f o r  ca l i b ra t i on .  

The procedures invo lved i n  h igh  reso lu t i on ,  low vo l tage ana lys i s  can be summarized as 
f o l  1 ows : 

e The sample and a blend o f  halogenated aromat ic  mass reference standards 
are charged t o  a h igh  r e s o l u t i o n  mass spectrometer, i n  our case a 
Kratos MS50, and are run a t  an e f f e c t i v e  vo l tage  o f  10-11 e l e c t r o n  
v o l t s  (measured by a r a t i o  o f  50 t o  100 between the  molecular  ion, 106, 
and a strong fragment, 91, i n  m-xylene). 

e A computerized data a c q u i s i t i o n  system, Kratos DS55 p l u s  Exxon 
p r o p r i e t a r y  programs determines the  mass and i n t e n s i t y  o f  each 
component, assigns formulas, and s o r t s  the  components accord ing t o  
formula o r  compound t ype  and carbon number. 

e A second se t  o f  Exxon p r o p r i e t a r y  computer programs q u a n t i t a t e s  a l l  
i n d i v i d u a l  concentrat ions and a l s o  summarizes the  data i n t o  o v e r a l l  
s t r u c t u r a l  parameters. The scope o f  t he  ana lys i s  i s  shown i n  Table V; 
t y p i c a l  summary parameters ca l cu la ted  are l i s t e d  i n  Table V I .  

A very usefu l  f ea tu re  o f  t h e  ana lys i s  i s  t h e  c a l c u l a t i o n  o f  phys ica l  and process 
r e l a t e d  parameters from composit ion (Table VI) .  F o r  samples a v a i l a b l e  o n l y  i n  very 
smal l  amounts, t h i s  i s  o f ten the  on ly  means t o  o b t a i n  these parameters. Most o f  t he  
c a l c u l a t i o n s  use simple s to i chomet r i c  equations; d i s t i l l a t i o n  i s  c a l c u l a t e d  by 
ass ign ing  each component a b o i l i n g  range de r i ved  e i t h e r  from the  l i t e r a t u r e  o r  
ex t rapo la t i ons ;  carbon and hydrogen types are expressed i n  NMR terms by ass ign ing  
t h e o r e t i c a l  values t o  each component. I n  a l l  cases, t o t a l  sample values are obta ined 
by weighing the t h e o r e t i c a l  values o f  a l l  components by the  corresponding 
concentrat ions i n  a p a r t i c u l a r  stream and by composit ing the  data. 

The phys ica l  parameters ca l cu la ted  are genera l l y  q u i t e  accurate. Table V I1  shows 
t y p i c a l  data f o r  elemental analys is ,  Table VI11 f o r  d i s t i l l a t i o n ,  Table I X  f o r  NMK 
t ype  parameters. 

DEVELOPMENTS IN PROGRESS 

While mass spectrometry i s  c e r t a i n l y  t h e  technique t h a t  y i e l d s  the  most d e t a i l e d  
in format ion on coal  l i q u i d s ,  it a lso  has some l i m i t a t i o n s .  The major ones are the  
need t o  heat and v o l a t i l i z e  the  m a t e r i a l s  t o  be analyzed, and the  d i f f i c u l t y  o f  
i d e n t i f y i n g  s p e c i f i c  isomers i n  complex mixtures.  The v o l a t i l i t y  l i m i t a t i o n  app l i es  
t o  heavy ends b o i l i n g  above approximately 1100°F; s p e c i f i c  isomer i d e n t i f i c a t i o n  i s  a 
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problem mainly i n  t o t a l  coal  l i q u i d s .  Work i s  c o n t i n u i n g  i n  our  l a b o r a t o r i e s  t o  
reduce or  e l i m i n a t e  t h e  impact o f  these fac to rs .  

The v o l a t i l i t y  requirement can be e l i m i n a t e d  by us ing  f i e l d  desorp t ion  o r  f a s t  atom 
bombardment f o r  i o n i z a t i o n .  P r e l i m i n a r y  data obtained i n  our l a b o r a t o r i e s  show t h a t  
f i e l d  desorp t ion  can be used t o  reproduc ib ly  analyze heavy ends w i t h  molecular 
weights as h i g h  as 3000 f o r  coal  l i q u i d s  and 4000 f o r  petroleum l i q u i d s .  The 
approach requ i res  use o f  a h i g h - f i e l d  magnet f o r  mass measurements up t o  6000+ 
molecular weight and very c a r e f u l  s tandard iza t ion  o f  the  numerous experimental steps 
involved, i n c l u d i n g  p r e p a r a t i o n  of t h e  spec ia l  emi t te rs ,  sample loading, source 
alignment, scanning and computerized data a c q u i s i t i o n .  Recogni t ion o f  i n d i v i d u a l  
isomers can be accomplished through t h e  use o f  GC/MS, i n  p a r t i c u l a r  f o r  the l i g h t e r  
components up t o  CI2, and t h e  more ou ts tand ing  ones beyond t h a t  range. G U M S  data i n  
o u r  labs are g e n e r a l l y  normal ized t o  h igh  r e s o l u t i o n  MS data on the corresponding 
homologs i n  order t o  account f o r  t h e  components t h a t  can on ly  be i d e n t i f i e d  non- 
s p e c i f i c a l l y .  We are now working on methods t o  i n t e r p r e t  G U M S  data i n  the  absence 
o f  pure compound c a l i b r a n t s .  

CONCLUSION 

The a n a l y t i c a l  methodology discussed above was used f o r  l i t e r a l l y  hundreds o f  
thousands o f  samples i n  t h e  pas t  decade. Many wfre run w i t h  the  standard aproach 
o u t l i n e d  i n  F igure  1; more w i t h  the s i m p l i f i e d ,  MS only" a l t e r n a t i v e ;  and several 
w i t h  the  extended technology t h a t  included GC/MS and NMR. 

A v a i l a b i l i t y  o f  the  very d e t a i l e d  and summarizable data was demonstrably o f  great use 
i n  the planning, development, and e v a l u a t i o n  o f  coal  l i q u e f a c t i o n  and upgrading 
processes i n c l u d i n g  very  small t o  la rge  scale e f f o r t s .  
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Table I 

MAJOR COMPOUND CLASSES I N  COAL LIQUIDS 

Class 

0 SATURATES 0 

0 0 AROMATICS 

0 NAPHTHENOAROMATICS 

0 POLAR AROMATICS 

0 ASPHALTENES 

0 

0 

0 

n-para f f ins ,  i s o - p a r a f f i n s ,  cyclopentanes, 
cyclohexanes, 1-8 r i n g  condensed cyc lopara f -  
f i n s ;  b i o l o g i c a l  r e s i d u a l s  (biomarkers) such 
as isopreno id  p a r a f f i n s ,  steranes, hopanes, 
etc.  

One t o  e i g h t  r i n g  aromatics, such as ben- 
zenes, naphthalenes, acenaphthenes, f l u o -  
renes, phenanthrenes, pyrenes, chrysenes, 
benz-pyrenes, benz-perylenes, coronenes, 
etc.; and the corresponding aromat ic t h i o -  
phenes, di th iophenes, furans, d i fu rans ,  
th iophenfurans. 

One t o  e i g h t  r i n g  aromat ics as above asso- 
c i a t e d  w i t h  one o r  more s i x  membered naph- 
t h e n i c  r i n g s  (hydroaromat ics) and/or one o r  
more f i v e  membered naphthenic r ings .  Typ ica l  
hydroaromat ics are t e t r a l i n s ,  t e t r a  and oc ta  
hydrophenanthrenes, the var ious  hydropyrenes; 
t y p i c a l  naphtheno-aromatics are indans, 
benzindans, etc.  

Mono, d i -  and t r i h y d r o x y l - a r o m a t i c s  and 
naphtheno-aromatics ; p y r r o l e s  and p y r i d i n e s  
associated w i t h  aromatics; d i n i t r o g e n  com- 
pounds (p robab ly  d i p y r i d i n e  types);  n i t r o g e n -  
oxygen compounds such as hydroxy p y r i d i n e s  
and hydroxy pyr ro les .  

Po la r  aromat ics w i t h  increased amounts o f  
p o l y - f u n c t i o n a l  types, such as di-oxygen 
compounds. 
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Table I1 

MS TYPE ANALYSES ARE I N  GOOD AGREEMENT WITH CHROMATOGRAPHIC SEPARATIONS 

Saturates I A roma t i cs 
I 

Polars 

Sample 

A 
B 
C 

Saturates 

B. R e p r o d u c i b i l i t y  

Rep1 i c a t e  runs 
Aromatics & Po la rs  

1 
2 
3 
4 
5 
6 

Average standard d e v i a t i o n  
on 16 runs i n  one month 

58 
44 
49 
36 
18 

Carbon No. 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

35 
30 
14 
0 
3 

MS 

17 

4 

- 

a 

y i ~ s i  E ~epn. 

8 65 63 j i; 29 
44 47 34 

4 1 51 55 39 36 

27.69 
27.66 
27.71 
27.92 
27.68 
27.54 

72.31 
72.34 
72.29 
72.08 
72.32 
72.46 

0.081 0.081 

Table I11 

SEPARATION PLUS HIGH RES MS DETECTS PPB COMPONENTS 

Example: A c i d i c  F r a c t i o n  o f  a Coal L i q u i d  

Phenols 

4389 
28400 
16875 
1715 
4 50 
287 
21 
8 
0 

34 

Concentrat ion,  p a r t s  per b i l l i a  
Indanols I Hydroxy-Indenes 

I 

Separat ion enrichment : -4,200-fold 

0 Dynamic range i n  high res  MS run  : -18,000 
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Table I V  

TYPICAL MULTIPLET SITUATIONS I N  COAL LIQUIDS 

I Component Class Example 
D e l t a  
Mass - 

Resol v i  ng Power Requi red 
Mass 300 Mass 600 

Non Condensed/Condensed 
Hydrocarbons C22H36/C23H24 0.0939 3200 6400 

Non Condensed Hydrocarbons/ 
Aromatic Thiophenes C22/H36/C20H28S 0.0905 3300 6600 

Non Condensed Hydrocarbons/ 
Mono-Oxygen Compounds C22H36/C21H320 0.0364 8300 16600 

1 3 C  i so topes  o f  Hydro- 
carbons/N compounds 13C12C21H36/C21H35N 0.0082 37000 64000 

Aromatic Thiophenes/ 
condensed Hydrocarbons C20H28S/C23H24 0.0034 88000 176000 
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Table V I  

PARAMETERS CALCULATED B Y  HIGH RESOLUTION, LOW VOLTAGE MS ANALYSIS 

Composition 

e Each component (carbon no. homolog) t weight percent 

0 Each homologous s e r i e s  

e Overa l l  sample 

Physical Properties 

0 Overa l l  sample 

0 Selected classes, homologous 
se r ies  fo r  s u i t a b l e  p roper t i es  

Process Related Parameters 

e Overa l l  sample 

216 

t weight percent 
t Avg. C no. 
t Avg. MW 

t Aromatic r i n g  d i s t r i b u t i o n  

+ Avg. MW 
+ Avg. carbon no. 
t Avg. hydrogen d e f i c i e n c y  
t Weight f r a c t i o n  i n  aromat ic  

by chemical c lass  

nuc le i ,  sidechains, sa tu ra te  
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+ Atomic C, H, 0, N, S, H/C 
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t D i s t i l l a t i o n  curve 

t Density, r e f r a c t i v e  index 
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p o t e n t i a l  d i s t i l l a t i o n  cu ts  

+ Solvent  q u a l i t y  index i n  

t Several o thers 

Exxon Donor Solvent  process 
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Table V 

MS ANALYSIS DETERMINES VERY LARGE NUMBER OF COMPONENTS 

Chemical Class 

Hydrocarbons 

Thiophenes 

Dithiophenes 

Furans/Phenol ics 

N i t rogen Cpds 

N i t rogen Oxygen Cpds 

Sul f ur-Oxygen, 
Su l fu r -d ioxygen Cpds 

DiNitrogen, N i t rogen 
O i  -oxygen Cpds 

Miscel laneous h i g h l y  
condensed, po ly -  
f u n c t i o n a l  compounds 

L i s t  o f  Components Determined Appr. No. o f  
Range i n  Homologous Ser ies  Components 

CnH2n+2 th rough CnH2n-50 700 

CnH2n-2S 

CnH2n -20 

‘ r1~2n-6~2 ” 

‘11~2n-6’2 ” 

‘r1~2n-6’3 ” 

‘nH2n-6”4 “ 

‘ r1~2n-3~ 

CnH2n-3NU “ 

CnH2n - 10SOx ’‘ 

CnH2n-6Nxox ” 

CnH2n-50S 

‘ t1~2n-44~2 

‘nH2n-500 

‘nH2n-4002 

CnH2n-2803 

‘ t1~2n-28~4 

‘11~2n-41~ 

‘nH2n-41 No 

Cn H2n- 40Sox 

CnH2n-4ONxOx 

Tota l  

550 

550 

1100 

6 50 

600 

600 

500 

500 

1000 

500 

600 

7250 
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Table VI1 

COMPARISON OF ELEMENTAL ANALYSES BY MS AN0 CHEMICAL TECHNIQUES 

A. I n d i v i d u a l  Samples 

Weight Percent 

Atomic HJC 
MS Chem. - 

0.93 0.96 

1.12 1.14 

1.70 1.69 

2.17 2.17 

Elemental N 
MS Chem. - - 

0.10 0.12 

0.90 0.70 

2.30 2.52 

5.92 6.00 

B. Composite Data on Separated Classes 

Weight Per 
MS on Separated Classes 

Element Satura tes  Aromatics Po lars  

C 86.10 91.34 84.68 

H 13.90 7.68 7.37 

0 --- 0.40 5.43 

N -_- _-- 2.52 

S --- 0.58 --- 

Elemental 0 
Chem. - MS - 

0.02 0.10 

0.71 0.76 

2.40 2.63 

3.68 3.22 

nt 

MS Composite 

88.60 

7.84 

2.28 

0.95 

0.33 

Chemical 

88.84 

7.82 

1.83 

1.17 

0.33 
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Table V I 1 1  

COMPARISON OF MS AND GC DISTILLATIONS 

Percent O f f  

Temperature, "F 

400 

500 

600 

700 

800 

900 

1000 

0.9 

5.5 

15.0 

37.0 

63.1 

86.0 

76.8 

Oe l  3.6 I 
14.0 1 
34.4 1 
:::: 1 
98.3 I 

13.4 

52.5 

83.6 

96.7 

99.2 

99.7 

99.9 

Table I X  

COMPARISON OF CARBON TYPES BY MS AND NMR 

Mole Percent 
MS NMR - -  Carbon Type 

Saturate 37.1 38.7 

Naphthenic 
L inea r  

18.2 19.5 
18.9 19.2 

O l e f i n i c  0.0 0.0 

Aroma t i c 62.9 61.3 

12.8 

48.3 

86.5 

98.2 

99.8 

00.0 

00.0 

Y 
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